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Prospective Comparative Study of Anterior
Cruciate Ligament Reconstruction Using
the Double-Bundle and Single-Bundle
Techniques

Eun Kyoo Song,* MD, Luke S. Oh," MD, Thomas J. Gill," MD, Guoan Li," PhD,
Hemanth R. Gadikota,” MS, and Jong Keun Seon,*™* MD

From the *Department of Orthopaedics, Chonnam National University Hwasun Hospital,
Jeonnam, South Korea, and the "Department of Orthopaedic Surgery, Bioengineering
Laboratory, Massachusetts General Hospital and Harvard Medical School, Boston,
Massachusetts

Background: The intent of double-bundle anterior cruciate ligament reconstruction is to reproduce the normal anterior cruciate
ligament anatomy and improve knee joint rotational stability. However, no consensus has been reached on the advantages of
this technique over the single-bundle technique.

Hypothesis: We hypothesized that double-bundle anterior cruciate ligament reconstruction could provide better intraoperative
stability and clinical outcome than single-bundle reconstruction.

Type of study: Cohort study; Level of evidence, 2.

Methods: Forty patients with anterior cruciate ligament injury in one knee were recruited; 20 were allocated to a double-bundle
anterior cruciate ligament reconstruction group and 20 to a single-bundle anterior cruciate ligament reconstruction group.
Intraoperative stabilities at 30° of knee flexion were compared between the 2 groups using a navigation system. Clinical out-
comes including Lysholm knee scores, Tegner activity scores, Lachman and pivot-shift test results, and radiographic stabilities
were also compared between the 2 groups after a minimum of 2 years of follow-up.

Results: Intraoperative anterior and rotational stabilities after anterior cruciate ligament reconstruction in the double-bundle
group were significantly better than those in single-bundle group (P = .020 and P < .001, respectively). Nineteen patients (95%)
in each group were available at a minimum 2-year follow-up. Clinical outcomes including Lysholm knee and Tegner activity
scores were similar in the 2 groups at 2-year follow-up (P > .05). Furthermore, stability results of the Lachman and pivot-shift
tests, and radiologic findings at 2-year follow-up failed to reveal any significant intergroup differences (P > .05).

Conclusion: Although double-bundle anterior cruciate ligament reconstruction produces better intraoperative stabilities than
single-bundle anterior cruciate ligament reconstruction, the 2 modalities were found to be similar in terms of clinical outcomes
and postoperative stabilities after a minimum of 2 years of follow-up.

Keywords: anterior cruciate ligament; double-bundle; single-bundle; intraoperative stabilities; clinical outcomes

In vitro biomechanical studies have demonstrated that the
anteromedial and posterolateral bundles of the anterior

cruciate ligament (ACL) synergistically stabilize the knee
joint in response to anterior tibial loads and combined
rotational loads.””**® Some biomechanical studies have
concluded that double-bundle ACL reconstruction restores
anterior and rotational stabilities in ACL-deficient knees
more closely to the intact knee than single-bundle
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ACL reconstruction.'®**% In particular, additional postero-
lateral bundle reconstruction has been reported to
increase rotational stability significantly compared with
single-bundle ACL reconstruction.'* These findings have
encouraged several authors to propose innovative surgical
techniques for reconstructing the 2 bundles of the ACL
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and they have reported favorable clinical outcomes in
literature.’

However, there are clinical and biomechanical studies
that have concluded that double-bundle ACL reconstruc-
tion has no significant advantage over single-bundle ACL
reconstruction.”***** A literature review indicated that
although double-bundle ACL reconstruction is capable of
reproducing the 2 functional bundles of the ACL at their
anatomical insertion sites, no consensus has been reached
on the advantage of this technique over the single-bundle
technique. Furthermore, few studies have quantitatively
and comparatively evaluated the rotational stability after
single-bundle and double-bundle ACL reconstructions."
No comparative study has been conducted on the intraop-
erative stability and clinical outcome obtained using these
2 modalities.

In this study, we hypothesized that double-bundle ACL
reconstruction provides better intraoperative stability and
clinical outcome than single-bundle reconstruction. The
objective was to perform a prospective study to compare
the intraoperative stabilities and short-term clinical out-
comes of a single-bundle ACL reconstruction with those of
a double-bundle ACL reconstruction.

MATERIALS AND METHODS

Forty consecutive patients awaiting ACL reconstruction
were recruited in this prospective study. Only those
patients who received unilateral primary ACL reconstruc-
tion without combined ligamentous surgery were included.
Patients with objectively detectable lateral, medial, or pos-
terior instability, who were thus suspected of having mul-
tiple ligament injuries, were excluded. We also excluded
patients who had undergone previous open or arthroscopic
surgeries and those with radiologic degenerative changes
of more than grade III in either knee. This study was
approved by the institutional review board of Chonnam
National University Hwasun Hospital, and written
informed consent was obtained from all patients.

The 40 patients were equally allocated, in an alternative
fashion by the order of treatment, to the single-bundle and
double-bundle groups. The average time from injury to
reconstruction in the double-bundle group was 8.3 months
(range, 1-26). This group contained 16 men and 4 women
with an average age of 35.5 years at surgery (range, 19-58
years). The average time from injury to reconstruction in
the single-bundle group was 7.6 months (range, 2-20). This
group contained 15 men and 5 women with an average age
at surgery of 30.3 years (range, 17-50).

In terms of combined meniscal injury, there were
7 medial meniscal injuries in the double-bundle group;
4 were repaired using the inside-out technique and the
remaining 3 were treated by partial meniscectomy. In
addition, there were 3 lateral meniscal injuries, all of
which were treated by partial meniscectomy. There were
6 medial meniscal injuries in the single-bundle group;

SReferences 1,4,9,10, 13, 16, 17, 19, 23, 29, 30.
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3 were repaired using the inside-out technique and the
remaining 3 were treated by partial meniscectomy. The
2 lateral meniscal injuries in the single-bundle group were
treated by partial meniscectomy. Time from injury to sur-
gery, age at surgery, gender, follow-up periods, and rate of
meniscectomy were not significantly different between the
2 groups (P > .05).

Surgical Techniques and Intraoperative
Stability Testing

Both the single-bundle and double-bundle arthroscopic
ACL reconstructions were performed by the same surgeon
(E.K.S.), who had experience with more than 100 cases
of single-bundle reconstruction and 20 cases of double-
bundle reconstruction before this study was initiated. An
EndoButton CL (Smith & Nephew, Andover, Massachusetts)
was used for femoral side fixation and a bioabsorbable inter-
ference screw (Linvatec, Largo, Florida) and staples were
used for tibial side fixation in both groups. After routine
diagnostic arthroscopy, meniscal repair or meniscectomy
was performed when concomitant meniscal injuries were
present.

For double-bundle ACL reconstruction, tibialis anterior
allografts were prepared to make 2 double-looped grafts of
5- to 6-mm diameter for the posterolateral bundle (PLB)
and of 7-mm diameter for the anteromedial bundle (AMB).
Both graft loop ends were connected to an EndoButton
loop and the free ends were prepared with whipstitch
sutures. The PLB tibial tunnels were placed at the center
of the PLB footprint on the tibia (5 mm anterior to the
posterior cruciate ligament) using a tibial drill guide set at
an angle of 45° to the horizontal plane with a starting
point just anterior to the superficial medial collateral liga-
ment. On the other hand, AMB tunnels were positioned in
a more anteromedial position on the tibial footprint (7 mm
anterior and 5 mm medial from PLB tunnels) using a tibial
drill guide set at an angle of 55° to the horizontal plane.

Femoral AMB tunnels were prepared through antero-
medial portals at the 1:00-o’clock position for the left
knee or at the 11:00-0’clock position for the right knee.
Femoral PLB tunnel locations were prepared through the
accessory anteromedial portal at 5 to 8 mm from the ante-
rior lateral femoral condyle cartilage, and 3 to 5 mm from
the inferior lateral femoral condyle cartilage with the
knee in 90° of flexion. To establish femoral fixation, grafts
for the PLB and AMB were passed through each bony
tunnel and an EndoButton was flipped over the lateral
femoral cortex. Knees were then cycled approximately 10
times through a full range of motion. The PLB and AMB
grafts were fixed at 10° to 20° of flexion and at 60° to
70° of flexion, respectively, using bioabsorbable interfer-
ence screws under 40 N of tension. Additional fixation
on the tibial side was performed using a single staple
(Figure 1A).

For single-bundle ACL reconstructions, the tibialis ante-
rior allograft was also prepared as a double-looped graft
(diameter, 8-9 mm). After tibial tunnel preparation using a
drill guide within the center of the ACL insertion, a
femoral tunnel was created through the tibial tunnel at
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Figure 1. Schematic drawings of (A) double-bundle anterior
cruciate ligament reconstruction, and (B) single-bundle ante-
rior cruciate ligament reconstruction.
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Figure 2. Navigation setup and anterior stability test after
anterior cruciate ligament reconstruction.

1:30-o’clock for left knees or at 10:30-o’clock for right
knees. The fixation materials used were as previously
described for double-bundle reconstruction. Knees were
then cycled approximately 10 times through a full range of
motion, and the graft on the tibial side was fixed at 10° to
20° of flexion, also under 40 N of tension (Figure 1B).

A computer navigation system (OrthoPilot, B. Braun-
Aesculap, Tuttlingen, Germany) was used for intraopera-
tive stability measurement. Femoral and tibial transmitters
were firmly secured to the femur and tibia using a fixation
instrument with 2 K-wires. After extra-articular anatomical
landmarks were registered, including the tibial tuberosity, the
anterior tibial crest, and the medial and lateral tibial plateaus,
knee kinematics between 0° and 90° of flexion were registered.
Knee stability testing at 30° of knee flexion was performed by
a single surgeon (E.K.S.) (this was chosen to better simulate
the clinical situation; eg, the Lachman test) with maximal
manual force. We applied the anterior tibial load to determine
tibial anterior translation and the internal-external rotational
tibial load to determine total rotation (internal plus external
rotation) before ACL reconstruction and after complete graft
fixation in both groups (Figure 2). To minimize bias, the sur-
geon was not informed of the stability data.

Clinical Outcomes and Radiologic Stability
Assessments

Patients were evaluated preoperatively and at 1 and 2
years postoperatively. Two patients had relocated and
could not be reached for 2-year follow-up (1 in each group).
Thus, 19 patients (95%) in each group were available at a
minimum of 2 years of follow-up (range, 24-31 months).
Clinical results were evaluated using range of motion,
Lysholm knee scores,” Tegner activity scores,” and the
Lachman and pivot-shift tests. Radiologic stability was
evaluated by performing an instrumented laxity test using
a Telos device (Telos stress device, Austin & Associates,
Fallston, Maryland) at 30° of knee flexion and with a 20-1b
anterior tibial load applied to the proximal tibia. The
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Figure 3. Comparisons of intraoperative anteroposterior trans-
lations at 30° of flexion. *Indicates statistical significance
between the 2 groups (P < .05). Error bars represent SD.
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Figure 4. Comparisons of intraoperative rotational stabilities
at 30° of flexion. *Indicates statistical significance between
the 2 groups (P < .05). Error bars represent SD.

normal, contralateral side was used as a control. Differences
in anterior translations of the reconstructed knee and its
normal contralateral side were used to evaluate the
restoration of normal laxity of the knee after ACL recon-
struction using single-bundle or double-bundle technique.

Statistical Analysis

The sample size of each group was determined beforehand
by using statistical power analysis. The power analysis
indicated that to detect a difference of 1.7 mm with a vari-
ance of 1.7 mm in anteroposterior stability between the 2
groups,” 16 patients were required per group (power = 0.8
and P < .05). Therefore, we included 20 patients per group
to cope with possible losses.

Nonparametric tests were used for intergroup compari-
sons. The Mann-Whitney test was used to analyze continuous
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TABLE 1
Comparison of the 2 Groups With Respect to Clinical
Outcomes at 1- and 2-Year Follow-ups

Double- Single-

Outcome Bundle Group Bundle Group P Value

Lysholm knee score

Preoperative (n = 20/20) 63.6 £9.1 614 +12.3 789
Postoperative
1 year (n = 20/20) 94.0 £ 5.9 92.0 + 6.8 .296
2 years (n = 19/19) 93.3+6.2 925+ 7.7 953
Tegner activity score
Preinjury (n = 20/20) 7.1+x14 69=x14 .595
Postoperative
1 year (n = 20/20) 6.8+1.3 6.7+1.8 .989
2 years (n = 19/19) 69+1.1 69+1.3 .904

Side-to-side difference
Preoperative (n = 20/20) 10.0 + 2.0
Postoperative

9.3+23 .263

1 year (n = 20/20) 24+21 2.7+2.3 .822
2 years (n = 19/19) 27+1.9 2.8+2.0 .872
Extension limitation
Postoperative
1 year (n = 20/20) 09+20 0.8+1.8 .674

2 years (n = 19/19) 05+1.6 .636

data, and Fisher’s exact test was used to analyze categorical
data. The level of significance was set to .05. Analysis was
performed using SPSS software (SPSS for Windows Release
10.0, SPSS Science Inc., Chicago, Illinois).

RESULTS

The average operative time was 56.0 minutes (range,
45-74) in the single-bundle group and 71.6 minutes (range,
50-115) in the double-bundle group (P = .001). No postop-
erative complications such as iatrogenic cartilage injury,
serious tunnel malposition, graft fixation failure, infection,
fracture, or deep vein thrombosis were observed in either
group during surgery.

Intraoperative Stabilities

The average anterior translations were significantly
improved in both groups after ACL reconstruction, that is,
from 16.6 = 2.4 mm to 6.1 + 1.2 mm in the single-bundle
group and from 17.5 + 2.5 mm to 5.1 £ 1.5 mm in the
double-bundle group (Figure 3). There was a significant
intergroup difference (P = .020). Average tibial rotations
showed a significant improvement after ACL reconstruc-
tion: the tibial rotation was improved from 35.1° + 3.1° to
29.5° + 3.8° in the single-bundle group and from 33.2° +
3.6° to 23.3° + 4.0° in the double-bundle group (Figure 4).
There was a significant intergroup difference (P < .001).

Clinical Outcomes and Radiologic Stabilities

Preoperative average Lysholm knee scores were 61.4
(range, 37-80) in the single-bundle group and 63.6 (range,
42-80) in the double-bundle group (P = .79). These scores
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TABLE 2
Comparison of the 2 Groups With Respect to Knee
Stability According to Lachman Test at 1- and 2-Year
Follow-ups”

Double-Bundle Group Single-Bundle Group

Postop  Postop Postop  Postop
Preop 1Year 2 Years Preop 1Year 2 Years
Grade (n=20) mn=20) (n=19) n=20) (n=20) (n=19)

0 0 15 14 0 14 12
1+ 0 4 4 0 4 5
2+ 5 1 1 4 2 2
3+ 15 0 0 16 0 0

“Preop, preoperative; Postop, postoperative.

TABLE 3
Comparison of the 2 Groups With Respect to Knee
Stability as Determined by the Pivot-Shift Test at 1- and
2-Year Follow-ups®

Double-Bundle Group Single-Bundle Group

Postop  Postop Postop  Postop
Preop 1Year 2Years Preop 1Year 2 Years
Grade n=20) n=20) n=19) (n=20) (n=20) (n=19)

0 0 17 14 0 13 11
1+ 2 3 4 1 5 6
2+ 5 0 1 4 2 2
3+ 13 0 0 15 0 0

“Preop, preoperative; Postop, postoperative.

were significantly improved in both groups at 1- and
2-year follow-ups without significant intergroup differ-
ences (Table 1). Average activity levels according to the
Tegner scoring system after the surgery were restored to
preinjury levels in both groups. However, there were no
significant differences between 2 groups at 1- and 2-year
follow-ups (P > .05; Table 1).

Lachman test results are shown in Table 2. At 2-year
follow-up, 2 patients showed grade II laxity in the single-
bundle group and 1 patient in the double-bundle group
(P = 1.00). Furthermore, the pivot-shift test at 1- and
2-year follow-ups failed to reveal any intergroup differ-
ence (Table 3).

The limitation of the extension in the knee was 0.8° +
1.9° in the double-bundle group and 0.5° + 1.6° in the sin-
gle-bundle group (P = .64) at 2-year follow-up (Table 1). In
addition, no problematic loss of flexion or extension (>10°)
was observed in either group at 1- and 2-year follow-ups.

In the single-bundle group, the average side-to-side differ-
ence in the knee according to the radiologic stability before
reconstruction was 9.3 + 2.3 mm (range, 6-14) and this
improved to 2.8 + 2.0 mm (range, 0-9) at 2-year follow-up
(P <.01). Similarly, in the double-bundle group, average side-
to-side difference was 10.0 = 2.0 mm (range, 7-14) before
reconstruction and this improved to 2.7 + 1.9 mm (range,
0-7) at 2-year follow-up (P < .01). However, no significant dif-
ferences were evident between the 2 groups at 1- and 2-year
follow-ups with respect to side-to-side differences (Table 1).

Double-Bundle and Single-Bundle ACL Reconstruction 1709

DISCUSSION

This study compared the single-bundle and double-bundle
ACL reconstructions in terms of intraoperative stabilities
and clinical outcomes with a minimum of 2 years of
follow-up. Our data demonstrated that the double-bundle
ACL reconstruction showed better anterior and rotational
intraoperative stabilities than the single-bundle ACL recon-
struction. However, after a minimum of 2 years of follow-up,
knee stabilities according to Lachman scores, pivot-shift
tests, and stress radiographs were similar between the 2
ACL reconstruction groups. Furthermore, we were unable to
identify any differences between the 2 techniques in terms
of functional outcomes based on Lysholm knee and Tegner
activity scores at 2-year follow-up. Therefore, our hypothesis
was not positively proved by the data obtained in this
study.

Several biomechanical studies have reported that
double-bundle ACL reconstruction is more effec-
tive in restoring anterior and rotational stabili-
ties in ACL-deficient knees than single-bundle ACL
reconstruction.'®***® For instance, in an in vitro study,
Yagi et al?® concluded that under a 134-N anterior tibial
load, anterior tibial translation was found to be signifi-
cantly improved after double-bundle ACL reconstruction
but not after single-bundle ACL reconstruction. In the
present study, objective in vivo data on anteroposterior
stability were obtained using a navigation system
during ACL reconstruction and confirmed the superiority
of double-bundle ACL reconstruction observed by
other authors'®***° at the time zero point after ACL
reconstruction.

Rotational control of the tibia during double-bundle ACL
reconstruction remains a debatable issue. Woo et al*’ found
that single-bundle ACL reconstruction techniques that
were mainly designed to resist anterior tibial loading,
insufficiently control combined rotatory loads. Yoo et al’!
found that ACL reconstruction overly constrained the tib-
ial rotation under simulated muscle loads. These studies
indicate that the complex role of an intact ACL cannot be
restored by conventional single-bundle ACL reconstruc-
tion.' Yagi et al*® also concluded that anatomical double-
bundle ACL reconstruction effectively controls internal
tibial rotation more than single-bundle ACL reconstruc-
tion. Gabriel et al® and Zantop et al*® demonstrated in
cadaveric studies the importance of the posterolateral
bundle as a stabilizer against internal rotatory loads. The
present study demonstrates that double-bundle ACL recon-
struction is significantly superior to single-bundle ACL
reconstruction in terms of intraoperative rotational stabil-
ity, which implies that double-bundle ACL reconstruction
effectively reduces residual pivot-shift phenomenon after
ACL reconstruction.

In a navigation system-based cadaveric study, Steckel
et al** found that double-bundle ACL reconstruction
showed a trend toward the overcorrection of rotational lax-
ities as compared with intact ACL. However, in the present
study we did not observe this type of overcorrection, and
our finding of an average of 23.3° rotational laxity in dou-
ble-bundle ACL reconstruction was similar to the intact
knee level of Steckel et al.* A direct comparison with their
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study is difficult because of subject variation, reconstruc-
tion methods, and different loading conditions.

Even though several prospective comparative clinical
studies have been conducted on single-bundle versus
double-bundle ACL reconstruction, inconsistent conclu-
sions about the superiority of one technique over the other
in clinical results were reported. Muneta et al”® and
Siebold et al® found no significant differences between the
single-bundle and double-bundle ACL reconstructions in
clinical functional results, although the double-bundle
technique showed better stability results according to
KT-1000 arthrometer measurements, the Lachman test,
and the pivot-shift test. On the other hand, Asagumo et al®
concluded that the double-bundle technique offers no
advantage over the single-bundle technique in terms of
stability or clinical outcome, although extension deficit
was more frequently observed in the double-bundle group.
In the present study, despite superior intraoperative sta-
bility results, the double-bundle technique failed to pro-
duce advantagesin clinical outcomes and stabilities at 1-and
2-year follow-ups. Furthermore, in the present study
neither group showed significant loss of extension (>10°)
after a minimum of 2 years of follow-up. This may have
been because the clinical scoring systems and stability
tests that were used in our study—Lysholm and Tegner
scores, the Lachman test, the pivot-shift test, and side-to-
side differences determined using stress radiographs—
might not be sensitive enough to detect 2 mm or 3° stability
differences between single-bundle and double-bundle ACL
reconstructions. More objective measurements of clinical
function and stability are needed in the future to quantify
differences between the 2 techniques in the clinical setting.
Differences between the findings of this study and those of
other studies may also be because of the different surgical
techniques used, such as tunnel positions, graft types, graft
fixation techniques, and fixation angles.

In the present study, as has been previously reported,'>%
approximately 15 minutes of additional operating time
was needed for double-bundle ACL reconstruction. However,
no complications possibly related to this increased operat-
ing time, such as infection or thrombotic events, were
encountered. Furthermore, in the present study no compli-
cations related to surgical techniques such as iatrogenic
cartilage injury, serious tunnel malposition, graft fixation
failure, or fractures were observed in either study group.
This result suggests that the complication rates of the 2
techniques are minimal when surgery is performed by an
experienced surgeon.

There are certain limitations of the present study that
should be noted. First, the loads used for intraoperative sta-
bility testing were applied manually, and tests were per-
formed by a single surgeon. However, several in vivo
studies®"'®* have shown high intrasurgeon and intersur-
geon reliabilities for stability measurement using navigation
systems with manual loads. Thus, we considered our stabil-
ity data reliable and suitable for this comparative study.
Second, when designing this study, we calculated the num-
ber of subjects using the stability data obtained using a
KT-1000 arthrometer. However, surgeons tend to have differ-
ent opinions regarding outcome measures for determining
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the superiority of a technique, and thus the sample size and
outcome measures chosen are debatable. Finally, we used a
standard position for the femoral tunnel instead of a more
horizontal position in the single-bundle group, and an
allograft rather than an autograft in both study groups.
Additional studies involving a more horizontal femoral tun-
nel position in single-bundle or autograft reconstruction are
necessary.

In conclusion, despite better intraoperative stabilities
after reconstruction, the double-bundle ACL reconstruc-
tion technique failed to demonstrate any advantage over
single-bundle ACL reconstruction with regard to clinical
outcomes and stabilities after a minimum follow-up of 2
years. To establish the clinical utility of double-bundle ACL
reconstruction for ACL-deficient knees, further clinical
studies are necessary to examine objectively its effects on
rotatory stability and long-term graft function.

ACKNOWLEDGMENT

The authors gratefully acknowledge the financial support
of the National Football League Charities Foundation and
the National Institutes of Health (grant RO1 AR055612).

REFERENCES

1. Adachi N, Ochi M, Uchio Y, lwasa J, Kuriwaka M, Ito YP. Reconstruction
of the anterior cruciate ligament. Single- versus double-bundle multi-
stranded hamstring tendons. J Bone Joint Surg Br. 2004;86:515-520.

2. Albuquerque RF, Sasaki SU, Amatuzzi MM, Angelini FJP. Anterior
cruciate ligament reconstruction with double bundle versus single
bundle: experimental study. Clinics. 2007;62:335-344.

3. Asagumo H, Kimura M, Kobayashi Y, Taki M, Takagishi KP. Anatomic
reconstruction of the anterior cruciate ligament using double-bundle
hamstring tendons: surgical techniques, clinical outcomes, and com-
plications. Arthroscopy. 2007;23:602-609.

4. Bellier G, Christel P, Colombet P, Djian P, Franceschi JP, Sbihi AP.
Double-stranded hamstring graft for anterior cruciate ligament recon-
struction. Arthroscopy. 2004;20:890-894.

5. Colombet P, Robinson J, Christel P, Franceschi JP, Djian PP. Using
navigation to measure rotation kinematics during ACL reconstruction.
Clin Orthop Relat Res. 2007;454:59-65.

6. Gabriel MT, Wong EK, Woo SL, Yagi M, Debski REP. Distribution of in
situ forces in the anterior cruciate ligament in response to rotatory
loads. J Orthop Res. 2004;22:85-89.

7. Girgis FG, Marshall JL, Monajem A. The cruciate ligaments of the
knee joint. Anatomical, functional and experimental analysis. Clin
Orthop Relat Res. 1975;106:216-231.

8. Gudas R, Smailys A, Vostrugina K, Tamosiunas R, Simonaitis D,
Kalesinskas RJP. A prospective comparison of double- and single-
bundle anterior cruciate ligament reconstructions [in Lithuanian].
Medicina (Kaunas). 2008;44:110-118.

9. Hamada M, Shino K, Horibe S, et al. Single- versus bi-socket anterior
cruciate ligament reconstruction using autogenous multiple-stranded
hamstring tendons with endoButton femoral fixation: a prospective
study. Arthroscopy. 2001;17:801-807.

10. Hara K, Arai Y, Ohta M, et al. A new double-bundle anterior cruciate
ligament reconstruction using the posteromedial portal technique
with hamstrings. Arthroscopy. 2005;21:1274.

11. Ishibashi Y, Tsuda E, Tazawa K, Sato H, Toh SP. Intraoperative evalu-
ation of the anatomical double-bundle anterior cruciate ligament
reconstruction with the OrthoPilot navigation system. Orthopedics.
2005;28:5s1277-1282.

Downloaded from ajs.sagepub.com by KAREN PERSER on October 4, 2009


http://ajs.sagepub.com/

Vol. 37, No. 9, 2009

12.

13.

20.

21.

22.

Jarvela T. Double-bundle versus single-bundle anterior cruciate liga-
ment reconstruction: a prospective, randomize clinical study. Knee
Surg Sports Traumatol Arthrosc. 2007;15:500-507.

Jarvela T, Moisala AS, Sihvonen R, Jarvela S, Kannus P, Jarvinen M.
Double-bundle anterior cruciate ligament reconstruction using
hamstring autografts and bioabsorbable interference screw fixation:
prospective, randomized, clinical study with 2-year results. Am J
Sports Med. 2008;36:290-297.

.Li G, Papannagari R, DeFrate LE, Yoo JD, Park SE, Gill TJ. Comparison

of the ACL and ACL graft forces before and after ACL reconstruction: an
in-vitro robotic investigation. Acta Orthop. 2006;77:267-274.

. Lysholm J, Gillquist JP. Evaluation of knee ligament surgery results

with special emphasis on use of a scoring scale. Am J Sports Med.
1982;10:150-154.

.Mae T, Shino K, Miyama T, et al. Single- versus two-femoral socket

anterior cruciate ligament reconstruction technique: biomechanical
analysis using a robotic simulator. Arthroscopy. 2001;17:708-716.

. Marcacci M, Molgora AP, Zaffagnini S, Vascellari A, lacono F, Presti

MLP. Anatomic double-bundle anterior cruciate ligament reconstruc-
tion with hamstrings. Arthroscopy. 2003;19:540-546.

.Martelli S, Zaffagnini S, Bignozzi S, Bontempi M, Marcacci MP.

Validation of a new protocol for computer-assisted evaluation of kine-
matics of double-bundle ACL reconstruction. Clin Biomech (Bristol,
Avon). 2006;21:279-287.

.Muneta T, Koga H, Mochizuki T, et al. A prospective randomized

study of 4-strand semitendinosus tendon anterior cruciate ligament
reconstruction comparing single-bundle and double-bundle tech-
niques. Arthroscopy. 2007;23:618-628.

Robinson J, Carrat L, Granchi C, Colombet PP. Influence of anterior
cruciate ligament bundles on knee kinematics: clinical assessment using
computer-assisted navigation. Am J Sports Med. 2007;35:2006-2013.
Sakane M, Fox RJ, Woo SL, Livesay GA, Li G, Fu FH. In situ forces in
the anterior cruciate ligament and its bundles in response to anterior
tibial loads. J Orthop Res. 1997;15:285-293.

Sasaki SU, da Mota e Albuquerque RF, Pereira CA, Gouveia GS, Vilela
JC, Alcaras Fde LP. An in vitro biomechanical comparison of anterior
cruciate ligament reconstruction: single bundle versus anatomical
double bundle techniques. Clinics. 2008;63:71-76.

Double-Bundle and Single-Bundle ACL Reconstruction 1711

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Siebold R, Dehler C, Ellert TP. Prospective randomized comparison of
double-bundle versus single-bundle anterior cruciate ligament recon-
struction. Arthroscopy. 2008;24:137-145.

Steckel H, Murtha PE, Costic RS, Moody JE, Jaramaz B, Fu FH.
Computer evaluation of kinematics of anterior cruciate ligament
reconstructions. Clin Orthop Relat Res. 2007;463:37-42.

Streich NA, Friedrich K, Gotterbarm T, Schmitt HP. Reconstruction of
the ACL with a semitendinosus tendon graft: a prospective random-
ized single blinded comparison of double-bundle versus single-bundle
technique in male athletes. Knee Surg Sports Traumatol Arthrosc.
2008;16:232-238.

Tegner Y, Lysholm JP. Rating systems in the evaluation of knee liga-
ment injuries. Clin Orthop Relat Res. 1985;198:43-49.

Woo SL, Kanamori A, Zeminski J, Yagi M, Papageorgiou C, Fu FHP. The
effectiveness of reconstruction of the anterior cruciate ligament with
hamstrings and patellar tendon. A cadaveric study comparing anterior
tibial and rotational loads. J Bone Joint Surg Am. 2002;84:907-914.
Yagi M, Kuroda R, Nagamune K, Yoshiya S, Kurosaka MP. Double-
bundle ACL reconstruction can improve rotational stability. Clin
Orthop Relat Res. 2007;454:100-107.

Yasuda K, Kondo E, Ichiyama H, et al. Anatomic reconstruction of the
anteromedial and posterolateral bundles of the anterior cruciate liga-
ment using hamstring tendon grafts. Arthroscopy. 2004;20:1015-1025.
Yasuda K, Kondo E, Ichiyama H, Tanabe Y, Tohyama HP. Clinical
evaluation of anatomic double-bundle anterior cruciate ligament
reconstruction procedure using hamstring tendon grafts: compari-
sons among 3 different procedures. Arthroscopy. 2006;22:240-251.
Yoo JD, Papannagari R, Park SE, DeFrate LE, Gill TJ, Li G. The effect
of anterior cruciate ligament reconstruction on knee joint kinematics
under simulated muscle loads. Am J Sports Med. 2005;33:240-246.
Zaffagnini S, Bruni D, Martelli S, Imakiire N, Marcacci M, Russo AP.
Double-bundle ACL reconstruction: influence of femoral tunnel orien-
tation in knee laxity analysed with a navigation system—an in-vitro
biomechanical study. BMC Musculoskelet Disord. 2008;9:25.

Zantop T, Herbort M, Raschke MJ, Fu FH, Petersen WP. The role of
the anteromedial and posterolateral bundles of the anterior cruciate
ligament in anterior tibial translation and internal rotation. Am J Sports
Med. 2007;35:223-227.

For reprints and permission queries, please visit SAGE’s Web site at http:/www.sagepub.com/journalsPermissions.nav

Downloaded from ajs.sagepub.com by KAREN PERSER on October 4, 2009


http://ajs.sagepub.com/

